BACKGROUND: There is a natural assumption that quality and efficiency are optimized when providers consistently work together and share patients. Diversity in composition and recurrence of groups that provide face-toface care to the same patients has not previously been studied. OBJECTIVE: Claims data enable identification of the constellation of providers caring for a single patient. To indirectly measure teamwork and provider collaboration, we measure recurrence of provider constellations and cohesion among providers. DESIGN: Retrospective analysis of commercial healthcare claims from a single insurer. PARTICIPANTS: Patients with claims for office visits and their outpatient providers. To maximize capture of provider panels, the cohort was drawn from the four regions with the highest plan coverage. Regional outpatient provider networks were constructed with providers as nodes and number of shared patients as links. MAIN MEASURES: Measures of cohesion and stability of provider constellations derived from the networks of providers to quantify patient sharing. RESULTS: For 10,325 providers and their 521,145 patients, there were 2,641,933 collaborative provider pairs sharing at least one patient. Fifty-four percent only shared a single patient, and 19 % shared two. Of 15,449,835 unique collaborative triads, 92 % shared one patient, 5 % shared two, and 0.2 % shared ten or more. Patient constellations had a median of four providers. Any precise constellation recurred rarely-89 % with exactly two providers shared just one patient and only 4 % shared over two; 97 % of constellations with exactly three providers shared just one patient. Four percent of constellations with 2+ providers were not at all cohesive, sharing only the hub patient. In the remaining constellations, a median of 93 % of provider pairs shared at least one additional patient beyond the hub patient.
BACKGROUND: There is a natural assumption that quality and efficiency are optimized when providers consistently work together and share patients. Diversity in composition and recurrence of groups that provide face-toface care to the same patients has not previously been studied. OBJECTIVE: Claims data enable identification of the constellation of providers caring for a single patient. To indirectly measure teamwork and provider collaboration, we measure recurrence of provider constellations and cohesion among providers. DESIGN: Retrospective analysis of commercial healthcare claims from a single insurer. PARTICIPANTS: Patients with claims for office visits and their outpatient providers. To maximize capture of provider panels, the cohort was drawn from the four regions with the highest plan coverage. Regional outpatient provider networks were constructed with providers as nodes and number of shared patients as links. MAIN MEASURES: Measures of cohesion and stability of provider constellations derived from the networks of providers to quantify patient sharing. RESULTS: For 10,325 providers and their 521,145 patients, there were 2,641,933 collaborative provider pairs sharing at least one patient. Fifty-four percent only shared a single patient, and 19 % shared two. Of 15,449,835 unique collaborative triads, 92 % shared one patient, 5 % shared two, and 0.2 % shared ten or more. Patient constellations had a median of four providers. Any precise constellation recurred rarely-89 % with exactly two providers shared just one patient and only 4 % shared over two; 97 % of constellations with exactly three providers shared just one patient. Four percent of constellations with 2+ providers were not at all cohesive, sharing only the hub patient. In the remaining constellations, a median of 93 % of provider pairs shared at least one additional patient beyond the hub patient.
CONCLUSION: Stunning variability in the constellations of providers caring for patients may challenge underlying assumptions about the current state of teamwork in healthcare.
INTRODUCTION
Don Berwick, as CMS Director, estimated that poor provider coordination annually costs the healthcare system $25-45 billion. 1 A fundamental assumption of the Patient Protection and Affordable Care Act is that as accountable care organizations (ACOs) transition to bundled payments, 2,3 they will improve care coordination by designing team-based incentives. 4 But what is a team? The surgeon and operating room nurse, paired sometimes for decades on end, where protocol and interaction are perfectly rehearsed, anticipated, and executed, is a classic example of a tight-knit medical team. But are most patients cared for by providers working in such harmony? The constellation of providers that offers face-to-face care to each patient may range in size from just one to dozens. While some teams are deliberately assembled, other constellations often form haphazardly, with some providers added by other providers and some added by the patient or family member. As a result, a patient's primary care physician and others who also provide care to the patient may not know who is in the constellation or when new additions occur. Doctors and other providers are continually reassembled into new constellations. The diversity in composition of constellations of providers, as well as frequency of their recurrence, has not previously been studied, yet has deep implications for the design of ACOs and patientcentered medical homes (PCMHs) and the associated costs and outcomes. We characterize provider collaboration by measuring the cohesion among providers and recurrence of provider constellations in regions densely covered by a common commercial insurer. Provider data set. To include ambulatory care providers having face-to face encounters with the patient, we first identified all patients residing in our four regions and all of their providers. We dropped claims for procedures not involving direct care (Appendix 1, available online) and providers in specialties not associated with routine ambulatory care (e.g., pathology, anesthesia, radiology, emergency medicine). To select for providers with substantive participation in the health plan, those with less than 50 HIRD patients were excluded. For some analyses, family practice, general practice, internal medicine, and pediatric medicine were grouped as primary care. When a provider had a large number of patients (>2,000), we examined the name and location associated with the provider ID to determine whether it represented something other than an individual such as a group practice or generic default ID. Six provider IDs were dropped.
METHODS

Design and
Patient data set. Then, to more completely account for shared patients, we looked at the providers' full panels in the data set, regardless of where the patients lived. Most providers (77 %) had patients in only one of the four study regions. We identified a primary region for each of the 10,325 providers, and this region contained almost all of each provider's panel [median 99.5 %, interquartile range (IQR) 98.6-100]. The remaining portion was from the area outside regional boundaries, and these patients were only used to calculate providers' practice size and to count the number of patients shared by collaborative pairs and triads-sets of two or three providers that share patients with each other. Regional provider networks were constructed for each region, with nodes denoting providers and links based on the total number of shared patients. The regional networks were used to derive variables describing relations among providers ( Fig. 1 and Table 1) .
A constellation is a group of providers sharing the same patient. Each provider has a provider personal network consisting of all other providers with whom she shares patients. Descriptive network variables define patterns of collaboration among providers.
Patient-centric metrics describe the size and composition and cohesion of constellations ( Table 1 ). The number of shared patients is used to calculate variables related to the degree and extent of sharing. These variables include constellation density (the percent of dyads sharing other patients besides the hub patient) and average and maximum percent of patients shared. Provider-centric measures similarly describe cohesion among the group of providers with whom one is linked. This group is much larger in size than the set of providers in constellations. Greater cohesion would be indicated by greater density scores, but might be affected by network size.
Analysis. Summary measures (average and maximum number of shared patients) characterize the extent of patient sharing within a network. Descriptive analyses and t-tests or Kruskal-Wallis tests to compare groups were performed using SAS 9.3 (SAS Institute Inc., Cary, NC). The KW_MC macro 6 implemented Dunn's test for nonparametric post-hoc comparisons.
RESULTS
Overall results are presented here in the text. Descriptive statistics and statistics by region are presented in Table 2 . The specialties of collaborative provider pairs are presented in Appendix 2 (available online). And the extent of patient sharing among providers in precise constellations is presented in Table 3 .
Providers. The 10,325 providers studied had a median practice size of 185 HIRD patients. Primary care providers had larger practices (median 238 [IQR 127-386]) than obstetricians/gynecologists (median 206 [118-313], p<0.05) and other specialists (median 155, [87-288], p<0.05). The most common provider specialties were family practice (15 %), internal medicine (11 %), obstetrics and gynecology (8 %), pediatrics (8 %), orthopedic surgery (5 %), and cardiology (5 %). Half of all providers had one of these specialties, and no other specialty included more than 3.7 % of the providers.
Collaborative pairs. There were 2,641,933 unique collaborative pairs of providers who shared a median of one patient. This was 0.3 % [0.2-0.5] of the total number of patients in the providers' panels combined. Of these Fig. 1 . An illustration of a subset of a regional provider network. In this illustrative network, providers are depicted as nodes and the number of shared patients between providers as links. Line thickness is proportional to the number of shared patients, and the shared hub patient in a constellation is indicated by a dotted line. On the left, a constellation of providers (A-E, colored blue) for Hub Patient 1 exhibits high cohesion. All the provider pairs in this constellation share other patients besides the hub patient (high constellation density). In fact, they share many patients as indicated by heavier lines for the links between them. These shared patients comprise large portions of the providers' total patient panels. The remaining portions are illustrated by the thinner link lines to other providers whose nodes are not shown. In the middle is a constellation of four providers (J-M, colored green) for Hub Patient 2 that shows low cohesion. Only one of the six pairs in this constellation (L and M) shares other patients besides the hub (low constellation density). Further, each is linked to more other providers than the first team (higher personal network size). On the right is provider X (colored pink), who is the only provider for Hub Patient 3. This provider shares a moderate number of patients with provider L and M. If this patient needed to see another provider, L or M might be a good choice to add to the constellation for Patient 3 because they appear to collaborate more than other providers linked to X The percent of all dyads in a constellation that share additional patients beyond the hub patient Constellation size Number of providers with claims for the hub patient Other-patient sharing Average and maximum number and percent of shared patients (excluding the hub patient) among pairs in a constellation collaborative pairs, 54 % shared only a single patient and 19 % shared two. The specialty of at least one provider in the pair was a primary care specialty (family practice, general practice, internal medicine, or pediatric medicine) in half of the unique pairs, and 15 % had at least one provider whose specialty was obstetrics/gynecology. The To calculate, all possible links included all other providers in one's primary region and any other provider with a patient in that same region ‡ Providers were counted only if they had at least 50 patients in this study § Primary care was defined as one of the following specialties: family practice, general practice, internal medicine, or pediatrics top 50 specialty pairs are shown in Appendix 2 (available online). The most frequently occurring were two primary care providers (6.3 %) and primary care-obstetrics/gynecology (5.4 %).
Collaborative Triads. There were 15,449,835 unique collaborative triads. Ninety-two percent shared just one patient, 5 % shared two, and only 0.2 % shared ten or more; 60 % of the triads included at least one primary care provider. When triads shared just one patient, 2 % contained three primary care providers. When triads shared at least ten patients, 38 % contained three primary care providers.
Provider personal networks. Providers were linked to a median of 431 other providers (personal network size) in their primary region (region with majority of patients), which was 11 % of the possible links (personal network density). This varied by provider specialty (p<0.001), and each group differed from all others (p < 0.05 for all comparisons). The median of the average number of patients shared by provider pairs in personal networks was 2.1 patients, representing 0.4 % of the collaborative pairs' panels combined. The median of the maximum shared was 28 patients, which was 6 % of the combined panels across the collaborative pair.
Patients. A total of 521,145 patients were enrolled for a median of 1.9 years [0.9-2.7]. Fifty-five percent were female, and they were somewhat older (mean 43.9 years, SD 22.0) than male patients (42.3 years, SD 21.8, p<0.001). Eighteen percent of patients were under 18 years old ,and 15 % were over 65.
Constellations. Patients had from 1 to 60 providers (median 4) in their constellation. Figure 2 shows the distribution of constellation size. Thirteen percent had just one provider, and 5 % had more than ten. Females had more providers (4 [3] [4] [5] [6] [7] ) than males (3 [2-5], p < 0.001). Any precise constellation recurred rarely (Table 3) . Constellations with exactly two providers (N = 66,947) usually shared just one patient (89 %), and only 4 % shared more than two. Of constellations with exactly three providers (N = 77,932), 97 % shared just one patient. When constellation size was above three, they almost always (99.5 %) shared just a single patient. Constellations with more than eight providers never shared more than two patients. The constellation composition of 91 % of the patients included at least one provider with a primary care specialty, and 46 % of female patients had an Constellation cohesion. Greater cohesion is indicated by both greater density (extent to which other patients are shared) and greater numbers of shared patients; 453,336 constellations included at least one collaborative pair, but 4 % of them only shared the hub patient. For the remaining patients, 93 % of the pairs in their constellation shared at least one additional patient beyond the hub patient (constellation density). The median of the average number shared (excluding the hub) was 13 other patients, which was 1.6 % of the pairs' combined panels. Some pairs in a constellation shared more patients than others. The median of the maximum number shared was 52 patients, which was 8 % of the combined panels.
DISCUSSION
Insurance claims readily identify collaborative groups of physicians sharing patients, as well as the constellation of providers around each patient. There is stunning variability in the constellations of providers caring for patients, and the upper bound on collaboration among providers at the system level is disappointingly low. Nearly nine out of ten constellations with exactly two providers share only one patient within this health plan. Only 3% of constellations with exactly three providers shared more than one patient. We also describe dyads and triads-groups of two and three providers who may be parts of multiple constellations of varying sizes. Nearly three quarters of provider pairs who do share patients only share one or two. Nearly nine out of ten provider triads sharing patients only share one.
Cohesion among providers is not the norm. Instead, the often ad hoc constellations of providers caring for patients are not persistent teams. Yet as PCMHs and ACOs are formed, cross-organizational teams are expected to become increasingly foundational to standard practice. Re-design of healthcare around the PCMH and the ACO is predicated, in large part, on improving communication and collaboration among providers who share responsibility and financial risk for the health of the patient. A real team is a "small number of people with complementary skills who are equally committed to a common purpose, goals, and working approach for which they hold themselves mutually accountable."
7 Teamwork improves both primary care 8 and chronic disease management; 9 teams evaluated in these studies were generally proactively formed within specific organizational contexts, and often in inpatient settings. 10 In patients with congestive heart failure, Pollock showed that when a patient's providers shared more patients, both outpatient and inpatient costs tended to be lower. 11 Our findings reveal not only that real teams are not prevalent in healthcare, but even recurrent constellations of providers-who may not be coordinating care at all-are exceedingly rare. Though it was uncommon for all providers in a constellation to regroup together in the exact same configuration and share additional patients, nonetheless, constellation density was high (93 %), indicating that most of the individual pairs did share some other patients besides the hub patient (median 13), just not necessarily the same other patients. Some of the collaborative provider pairs shared more patients than others; the median maximum shared was 52. So while constellations appear to be relatively unique, there is often some degree of patient sharing within the constellation; some pairs within the constellation might function more cohesively.
Other investigators have begun to examine health system properties that are apparent from claims-based analyses of networks constructed around shared patients between pairs of physicians. Landon et al. demonstrated that these shared patients define networks that vary in structure by region. 12 Physicians with shared patients were more often located geographically close or based at the same hospital. Further, they suggest that regions with strong community networks-defined by the number of shared patients between any two physicians-might form the basis of a well-functioning ACO. 13 Pollock showed that membership in a network of shared patients is indicative of practice pattern; prostatectomy rates varied across distinct subgroups of regional networks of urologists. 14 Our study has some limitations. The regions studied may not be representative of all US practice, and our data include patients in just one commercial health plan. Other studies examining networks of providers defined by shared patients have used Medicare claims as a single data source. 12, 13, 15, 16 Like those studies, we miss shared patients, collaborative pairs, and constellations around patients covered by other payors. To mitigate this limitation, we chose regions with substantial market penetration by health plan. And from a health plan perspective, this data set represents all beneficiaries and affiliated providers. Nonetheless, we are clearly missing some additional shared patients who are covered by other payors or who do not have insurance. We have mitigated this limitation by selecting regions of high market share for the health plan. The median primary care practice size observed in our data is smaller than national averages, which reflects the single payor data source. Our study uses patients with commercial insurance and therefore patients are younger, but, as with prior studies in the literature, provider panels are a subset of their total. It appears that in our densely populated markets we capture a more complete network of providers; we found that primary care physicians are linked to 364 other providers, while in a survey-based study of Medicare patients, Pham showed 229 links per primary care provider. 17 Some of the constellations likely represent cross-covering providers in the same practice, as claims data do not completely capture group practice designations. Hence, our results may have overestimated the number of shared patients across sites of care. Of course collaborative care may be no less important in these intra-institutional constellations.
Our data span 3 years. Additional linkages among providers might become apparent over a longer interval. The data set enabled identification of a primary specialty only, and some providers may have had a second specialty as well. Further, of the 12 % of dyads with the same specialty, we suspect that some were in the same practice.
Promoting a healthcare ecosystem based on stable, cohesive, and efficient constellations of providers will require substantial social engineering. A hypothetical example (Fig. 1) illustrates how team-based care may benefit from network statistics. Providers might be preferably selected based on prior collaboration. Our fundamental assumption, which remains to be tested, is that larger numbers of shared patients among providers may be indicative of cohesive practice and efficiencies in care delivery. These findings suggest that the current state is one of constant rearrangement of providers and that persistent teams in healthcare are far less common than assumed.
